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Supplementary methods 
Design of the germline precursor. The germline (GL) precursor gene segments of the 
PGT121-like and 10-1074-like antibodies were identified using IgBLAST 
(http://www.ncbi.nlm.nih.gov/igblast) and  IMGT®/V-QUEST 
(http://www.imgt.org/IMGT_vquest/share/textes/) as VH4-59*01, JH6*03, VL3-21*02 
and JL3*02. (These gene segments are among the most frequently used in the repertoire 
of human antibodies (1, 2)) To build a representative GL ancestor sequence, we aligned 
the IgH and IgL sequences of 10-996 (the antibody containing the fewest somatic 
hypermutations) to the GL sequences using IgBLAST 
(http://www.ncbi.nlm.nih.gov/igblast). The GL IgH sequence was constructed by 
replacing the mature VH and JH gene segments with their GL counterparts and using the 
10-996 sequence for the CDRH3 region involving N-region nucleotides and the DH gene 
segment. The GL IgL sequence was assembled from the VL3-21*02 and JL3*02 gene 
segment sequences.  
 
Crystallization and structure determinations. 6x-His tagged PGT121, 10-1074 and 10-
996GL Fabs for crystallization were expressed as described (3). Fabs were purified from 
the supernatants of transiently-transfected HEK 293-6E cells by sequential Ni2+-NTA 
affinity (Qiagen) and Superdex200 10/300 (GE Healthcare) size exclusion 
chromatography. For crystals of the unliganded PGT121 Fab, PGT121 IgG was isolated 
from the supernatants of transiently-transfected HEK 293-6E cells by Protein A affinity 
chromatography (Pierce), and Fab fragments were obtained by papain cleavage of the 
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IgG and further purification using Superdex200 10/300 (GE Healthcare) size exclusion 
chromatography as described (3).  
Purified Fabs were concentrated to 8-20 mg/mL (“unliganded” PGT121, 8 
mg/mL; 10-1074 and GL, 20 mg/mL) in PBS buffer. The “liganded” PGT121 Fab 
crystals were prepared from a protein sample (final concentration: 15 mg/mL) that was 
mixed with a 3-fold molar excess of NA2 glycan and incubated at 20°C for 2 hours. 
Crystallization conditions were screened at 20°C using a Mosquito® crystallization robot 
(TTP labs) in 400 nL drops using a 1:1 protein to reservoir ratio. Crystals of “unliganded” 
PGT121 Fab (P212121; a = 56.8, b = 74.7, c = 114.9 Å) were obtained in 24% PEG 4,000, 
0.1 M Tris-HCl pH 8.5, 10 mM CuCl2 and crystals of “liganded” PGT121 Fab (P212121; 
a = 67.8, b = 67.8, c = 94.1 Å) grew in 17% PEG 10,000, 0.1M Bis-Tris pH 5.5, 0.1M 
CH3COOHNH4. Crystals of 10-1074 Fab (P21; a = 61.4, b = 40.3, c = 84.5 Å; β = 95.39˚) 
were obtained in 25% PEG 3,350, 0.1 M Bis-Tris pH 5.5, 0.2 M NaCl, and crystals of GL 
Fab (P21; a = 54.9, b = 344.7, c = 55.2 Å; β = 91.95˚) grew in 20% PEG 3,350, 0.24 M 
sodium malonate pH 7.0, 10 mM MnCl2. Crystals were cryoprotected by soaking in 
mother liquor containing 20% glycerol (“unliganded” and “liganded” PGT121 Fab) or 
20% ethylene glycol (10-1074 Fab and GL Fab) and subsequently flash-cooled in liquid 
nitrogen. 
 Diffraction data were collected at beamline 12-2 (wavelength = 1.029 Å) at the 
Stanford Synchrotron Radiation Lightsource (SSRL) on a Pilatus 6M pixel detector 
(Dectris). Data were indexed, integrated and scaled using XDS (4). Using the data 
obtained from the “unliganded” PGT121 Fab crystals, we used Phenix (5) to find a 
molecular replacement solution for one Fab per asymmetric unit (chains H and L for the 
3
heavy and light chain, respectively) using two search models, the CH–CL domains of 
PGT128 Fab (PDB code 3PV3) and the VH–VL domains of 2F5 (PDB code 3IDJ) after 
omitting residues in the CDRH3 and CDRL3 loops. Subsequently, we used the 
“unliganded” PGT121 structure as a search model to find molecular replacement 
solutions for “liganded” PGT121 Fab (one Fab per asymmetric unit), 10-1074 Fab (one 
Fab per asymmetric unit) and GL (four Fabs per asymmetric unit).  
Iterative refinement (including non-crystallographic symmetry restraints for GL) 
was performed using Phenix (5) and manually fitting models into electron density maps 
using Coot (6). The atomic models were refined to 3.0 Å resolution for PGT121 Fab 
(Rwork = 21.6%; Rfree = 26.4%), 1.9 Å resolution for 10-1074 Fab (Rwork = 18.7%; Rfree = 
22.3%), 2.4 Å resolution for four GL Fab molecules (Rwork = 19.4%; Rfree = 23.7%), and 
2.4 Å resolution for “liganded” PGT121 Fab (Rwork = 20.1%; Rfree = 24.9%). The atomic 
model of PGT121 Fab contains 95.2%, 4.9% and 0.0% of the residues in the favored, 
allowed and disallowed regions of the Ramachandran plot, respectively (10-1074 Fab: 
98.8%, 0.9%, 0.2%; GL Fab: 96.0%, 3.8%, 0.23%; “liganded PGT121 Fab: 96.7%, 3.1%, 
0.2%). PyMOL (7) was used for molecular visualization and to generate figures of the 
Fab structures. Buried surface area calculations were performed with Areaimol (CCP4 
Suite) (8) using a 1.4 Å probe. 
Fab structures were aligned using the Super script in PyMOL (7). Pairwise Cα 
alignments were performed using PDBeFold (9). 	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Supplementary discussion  
Distinctions between structural and functional epitope residues 
Interpretation of HIV antibody epitope mapping studies can be complicated by strain-
dependent differences and by a general difficulty in determining whether the lack of an 
effect of a particular introduced substitution results from that residue being outside of the 
interface or from that residue being within the interface but not exerting a major effect. 
For protein-protein interactions, Wells and co-workers characterized interfaces as 
containing a “structural epitope” (all residues identified from a co-crystal structure as 
being part of the interface) and a “functional epitope” (a subset of interface residues that 
are critical for the interaction, as defined by substitution to alanine resulting in a major 
change (ΔΔG > 2 kcal/mol) in the binding affinity) (10). For example, in a systematic 
study in which all residues that comprise the crystallographically-observed interface 
between human growth hormone and its receptor were individually changed to alanine, it 
was found that only 5 of the 24-31 interface residues were responsible for most of the 
binding affinity (10).  
By analogy to protein-protein interfaces, not all components of a glycan-
dependent antibody interaction with gp120 are necessarily critical for the interaction. 
Thus elimination of a particular N-glycan contacted by a glycan-dependent anti-gp120 
antibody may not always abrogate binding and/or neutralization. For example, individual 
alanine substitutions at gp120 positions 332 and 301 had either no effect (position 332) 
on PGT128 neutralization of HIV-1 strains JR-CSF and 92RW020 or only a ~10-fold 
effect (position 301) on neutralization of JR-CSF (11), even though Asn332gp120- and 
Asn301gp120-linked N-glycans were identified as primary (position 332) and secondary 
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(position 301) glycan-binding sites and both glycans contact PGT128 in the 
PGT128/gp120 outer domain–V3 crystal structure (11). Similarly, some of the viral 
strains neutralized by PGT121 carried mutations in the Asn332gp120-associated PNGS 
(Table S5). Thus the observation that elimination of the Asn332gp120-associated PNGS 
affected neutralization of the majority of viral strains (PGT121) or all viral strains (10-
1074) remains consistent with our interpretation that the epitope of PGT121 clonal family 
members involves N-linked glycan at or in the vicinity of Asn332gp120. 
The observation that some PGT121-sensitive strains carry mutations in the 
Asn332gp120-associated PNGS (Fig. 5D and Table S5) could also be interpreted to 
suggest that PGT121 recognizes glycan attached to a nearby PNGS that is either 
recognized together with glycan attached to Asn332gp120 or instead of glycan attached to 
Asn332gp120. However, mutation of individual PNGSs by Walker and colleagues (4) did 
not identify a PNGS other than Asn332gp120 that affected PGT121 neutralization of JR-
CSF. We made double glycan mutants (N332A plus elimination of other PNGSs), but did 
not find a second PNGS that affects binding of PGT121 and 10-1074 to the same extent 
as the Asn332gp120 PNGS. In analyses of gp120 sequences from strains for which 
PGT121 neutralization data are available, other than a correlation with the PNGS at 
Asn332gp120 for viruses sensitive to PGT121-like and 10-1074-like antibodies, no clear 
pattern of PNGS usage emerges for the different categories of viral strains (PGT121-
sensitive/10-1074-sensitive, PGT121-sensitive/10-1074-resistant, PGT121-resistant/10-
1074-sensitive) except that the 10-1074-resistant strains generally lack the Asn332gp120-
associated PNGS. Thus we favor the interpretation that PGT121-like antibodies 
recognize Asn332gp120-associated glycans on strains that include the Asn332gp120 PNGS, 
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but like PGT128, can neutralize some strains that do not carry this PNGS through 
interactions with the protein components and/or nearby glycan components of the 
epitope. 
 
Endo H experiments 
The functional and structural results described in the main text strongly suggest that the 
epitope of PGT121 on gp120 can include a complex-type N-glycan. Previous results 
reporting a lack of PGT121 binding to JR-FL gp120 treated with Endo H to remove high-
mannose N-glycans (12) could be interpreted to indicate that PGT121 recognition 
requires high-mannose structures. However, the Endo H-treated gp120 was generated in 
HEK 293S GnTI–/– cells, which cannot process high-mannose N-glycans to N-glycans of 
the complex-type; therefore the gp120 protein used for analysis exclusively carried high-
mannose N-glycans (12). Thus Endo H treatment in those experiments would be expected 
to remove most/all N-glycans, which would abrogate potential direct contacts and also 
possibly affect the PGT121 epitope indirectly through conformational change(s) induced 
by overall glycan depletion. In our experiments using Endo H-treated gp120 produced in 
wildtype HEK 293T cells that can attach both complex-type and high-mannose N-glycans 
to glycoproteins, we find PGT121-like antibody binding is reduced by ~15-20% rather 
than totally abrogated (Fig. 1E and Fig. S4D), consistent with the interpretation that 
PGT121 does not have an absolute requirement for high-mannose glycans for 
recognition. 
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The “liganded” crystal structure of PGT121  
The complex-type N-glycan glycan bound to PGT121 in our crystal structure was from a 
neighboring PGT121 Fab (Asn105HC glycan). This interaction was found in only one of 
our two crystal structures of the PGT121 Fab, suggesting it resulted from a fortuitous 
packing arrangement that allowed the flexible glycan to access a neighboring Fab. 
Consistent with the assumption of flexibility, the PGT121 glycan is mostly disordered in 
the “unliganded” PGT121 structure (Fig. 3A). Size exclusion chromatography profiles 
reveal no tendency of PGT121 Fab to form dimers or higher order multimers, suggesting 
that self-association due to interactions between the antibody combining site and the VH 
domain N-glycan does not occur in solution. Thus we suggest that the interaction of the 
complex-type N-glycan with the combining site in the “liganded” PGT121 structure was 
facilitated by the high concentration in the crystals (~10 mM) and a permissive packing 
arrangement.  
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Fig. S1. Sequence alignments of PGT121 and 10-1074 clonal variants. (A) Amino acid 
alignment of the heavy chains (IgH) of the PGT121-like and 10-1074-like antibodies, and 
the likely germline (GL) VH for all clonal variants. Amino acid numbering based on 
crystal structures, framework (FWR) and complementary determining regions (CDR) as 
defined by Kabat (13) and IMGT (14, 15) are indicated. Color shading shows acidic 
(red), basic (blue), and tyrosine (green) amino acids. (B) Same as A but for the light 
chains (IgL). (c) Dendrograms showing the relationship between PGT121 clonal variants 
generated from the IgH sequence alignment shown in A. (D) Same as (C) but for IgL.  
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Fig. S2
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Fig. S2. Binding affinity of PGT121 and 10-1074 clonal variants. (A) Binding affinity 
of the interaction of PGT121 IgG antibody variants with YU-2 gp140 and gp120 ligands 
as measured by surface plasmon resonance (SPR). M, mol/l; s, seconds; RU, response 
units; /, no binding detected. A chi2 value (χ2) < 10 indicates that the 1:1 binding model 
used to fit the curves adequately described the experimental data. Equilibrium and kinetic 
constants shown are considered as “apparent” constants to account for avidity effects 
resulting from bivalent binding of IgGs. (B) Dot plots showing the association (ka) and 
dissociation (kd) rate constants for PGT121-like (blue shading) and 10-1074-like (green 
shading). (C) Linear regression graphs comparing the ka and kd values of the IgG 
antibodies for their binding to gp120 and gp140 (x axis) vs their neutralization potencies 
(mean IC80 values) against the 9 viruses shown in Table S2 (y axis).   
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Fig. S3. Binding of PGT121 variants to gp120 “core” proteins, gp120GD324-5AA 
mutant and linear gp120V3 peptides. (A) ELISA-based binding analyses of PGT121-
like and 10-1074-like antibodies to HXB2 gp120core and 2CC-core proteins compared to 
intact YU-2 gp120. The x axis shows the antibody concentration (M) required to obtain 
the ELISA values (OD405 nm) indicated on the y axis. The anti-CD4bs antibody VRC01 
(16), the anti-V3 loop antibody 10-188 (17), and the non HIV-reactive antibody mGO53 
(18) were used as controls. (B) Same as (A) but for binding to gp120GD324-5AA mutant 
protein (c) Bar graphs comparing the ELISA reactivities of the PGT121- and 10-1074-
like antibodies and control antibodies (positive control, 10-188, 1-79, 2-59 and 2-1261 
(17, 19), and negative control, mGO53 (18)) against gp120V3-C3 overlapping peptides 
(17). The y axis indicates the ELISA values (OD405 nm) obtained by testing the IgG 
antibodies at 2 µg/ml. The amino acid sequences of individual peptides are shown in the 
bottom right. All experiments were performed at least in duplicate. Representative data 
are shown. 
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Fig. S4
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
D
O
D
40
5 
nm
 [IgG] (M) gp120 EndoH-treated gp120
PGT121 10-303 10-410 10-1121 10-1130 10-1369
10-259 10-1146 10-1341 10-847 10-996 10-1074
O
D
40
5 
nm
 [IgG] (M)
A B
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
O
D
40
5 
nm
 [IgG] (M)
C
WT PN
Ga
se
F
gp120
kDa
191
97
64
51
39
L
PGT121 10-303 10-410 10-1121
10-1130 10-1369 10-259 10-1146
10-1341 10-847 10-996 10-1074
10-303
gp120 PNGaseF-treated gp120gp120 gp120N332Agp120NNT301-303AAA
gp120NNT301-303AAA/N332A
PGT121
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-1130 10-1369
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-1341 10-847
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
10-410
10-12 10-10 10-8
0
1
2
3
10-1121
10-12 10-10 10-8
0
1
2
3
10-259
10-12 10-10 10-8
0
1
2
3
10-1146
10-12 10-10 10-8
0
1
2
3
10-996 10-1074
10-12 10-10 10-8
0
1
2
3
10-12 10-10 10-8
0
1
2
3
En
do
H
15
Fig. S4. Binding of PGT121 to gp120 glycosylation mutants and deglycosylated 
gp120. (A) ELISA-based binding analyses of PGT121 and 10-1074 antibody variants to 
gp120, gp120NNT301-303AAA, gp120N332A and gp120N332A/NNT301-303AAA. The x axis shows the 
antibody concentration (M) required to obtain the ELISA values (OD405 nm) indicated on 
the y axis. The black dashed and continuous lines show the averaged reactivity against 
the four antigens of positive (10-188) (17) and negative (mGO53) (18) antibody controls. 
(B) Silver-stained SDS-PAGE gel comparing untreated gp120 (WT, wild type),  PNGase 
F- and EndoH-digested gp120s. L, protein ladder. (C), Same as (A) but comparing 
untreated and PNGase F-treated gp120. (D) Same as (A) but comparing untreated and 
EndoH-treated gp120. All experiments were performed at least in duplicate.  
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Fig. S5. Binding of PGT121 and 10-1074 clonal variants to YU-2 double glycan 
mutants (gp120N332A plus an additional mutated PNGS). ELISA-based binding 
analyses of PGT121 and 10-1074 antibody variants to gp120N332A (black dashed line) and 
gp120 double glycan mutants containing the N332A mutation combined with single 
alanine mutations of PNGSs found between Asn262gp120 and Asn406gp120 (red lines). 
N301A corresponds to the gp120N332A/NNT301-303AAA mutant protein. The x axis shows the 
antibody concentration (M) required to obtain the ELISA values (OD405 nm) indicated on 
the y axis. 10-188, an anti-V3 loop antibody (17), was used as positive control.  
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Fig. S6. Binding of PGT121 and 10-1074 clonal variants to glycans. (A) 
Monosaccharide sequences of the set of 15 N-glycan probes used in the glycan 
microarray analyses to examine PGT121-like and 10-1074-like antibodies for direct 
binding to N-glycans. DH, designates the lipid tag 1,2-dihexadecyl-sn-glycero-3-
phosphoethanolamine (DHPE) to which the N-glycans were conjugated by reductive 
amination (20). Key features of note are (i) PGT121-group antibodies bound the 
monoantennary N-glycan probe 10 (N2) with a galactose-terminating antenna joined by 
1-3-linkage to the core mannose, but not the isomeric N-glycan probe 11 (designated N4) 
with the antenna 1-6-linked to the core mannose; (ii) the presence of this galactose-
terminating 1-6-linked antenna, as in the biantennary probe 13 (NA2), was permissive to 
binding, as was the presence of α2-6-linked (but not α2-3-linked) sialic acid; (iii) the 
biantennary probe 12 (NGA2), lacking galactose and terminating in N-
acetylglucosamine, was not bound. (B) Bar graphs comparing glycan binding by 
PGT121-like, 10-1074-like, and the germline version (GL) antibodies. 10-188, an anti-V3 
loop antibody (17), was used as negative control. Numerical scores of binding are 
measured as fluorescence intensity (means at duplicate spots) for probes arrayed at 2 
fmol (white) and 5 fmol per spot (grey). 
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Fig. S7. Antibody binding and neutralization activity against high-mannose-only 
gp120 and viruses. (A) Silver-stained SDS-PAGE gel comparing YU-2 gp120 produced in 
cells treated with kifunensine (gp120kif) and gp120 produced in untreated cells (WT, wild 
type). L, protein ladder. (B) ELISA comparison of the binding of PGT121-like (blue labels) 
and 10-1074-like (green labels) antibodies to YU-2 gp120 (gp120WT) and gp120kif. The x 
axis shows the antibody concentration (M) required to obtain the ELISA values (OD405 nm) 
indicated on the y axis. (C) Neutralization curves for PGT121 evaluated against selected 
PGT121-sensitive/10-1074-resistant pseudoviruses produced in presence (Viruskif) or 
absence (VirusWT) of kifunensine. The dotted horizontal line indicates 50% neutralization, 
from which the IC50 value can be derived from the antibody concentration on the x axis. 
Experiments were performed in triplicate. Error bars indicate the SD of triplicate 
measurements. (D) Bar graphs comparing the neutralization activity of selected antibodies 
against YU-2 and PVO.4 pseudoviruses produced in HEK 293S GnTI –/– cells (VirusGnT-/-) 
or in wild type cells (VirusWT). The y axis shows the mean IC50 values (µg/ml) for the 
neutralization of the viruses shown on the x axis. Error bars indicate the SEM of IC50 
values obtained from two independent experiments.	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Fig. S8
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Fig. S8. Competition assay for binding to gp120. Binding of PGT121, 10-996, 10-1074 
10-1369, and PGT128 to gp120-coated ELISA plates was assessed in the presence of 
potential competitor antibodies of known specificity. Binding analyses were performed at 
least in duplicate.  
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Fig. S9. Binding and neutralization activity of the germline version. (A) Coomassie 
blue-stained SDS-PAGE gel showing the heavy and light chains of 10-996 IgG, the 
germline counterpart (GL) and a “swapped” version (10-996/GL-L, composed of the 10-
996 IgH paired with the GL IgL). L, protein ladder. (B) ELISA comparison of the binding 
of 10-996 and the germline (GL) and “swapped” versions (10-996/GL-L) to gp120. The x 
axis shows the antibody concentration (M) required to obtain the ELISA values (OD405 
nm) indicated on the y axis. The black dashed and continuous lines show positive (10-188) 
(17) and negative (mGO53) (18) antibody controls. All experiments were performed at 
least in duplicate. (C) SPR sensorgrams showing the binding of injected 10-996 and GL 
IgGs over immobilized gp120 (left) or gp140 (right). 10-996 and GL were injected at 
maximum concentrations of 1 µM and 10 µM, respectively. (D) Comparison of 
neutralization of YU2.DG pseudovirus by 10-996 and the germline (GL) and “swapped” 
(10-996/GL-L) versions. The dotted horizontal line indicates 50% neutralization, from 
which the IC50 value can be derived from the antibody concentration on the x-axis. 
Experiments were performed in triplicate. Error bars indicate the SD of triplicate 
measurements. (E) Table shows the neutralization activity of the antibodies shown in (D) 
against a panel of selected pseudoviruses used in the TZM-bl assay. ND, not determined. 
MuLV, murine leukemia virus, is the negative control. 
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Fig. S10
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Fig. S10. Neutralization activity of PGT121, 10-996 and 10-1074. (A) Graphs 
comparing the neutralization potencies of PGT121, 10-996 and 10-74 against viruses of 
the indicated HIV-1 clades (determined using the TZM-bl assay and a panel of 119 
pseudoviruses). The x axis shows the antibody concentration (µg/ml) required to achieve 
50% neutralization (IC50). The y axis shows the cumulative frequency of IC50 values up to 
the concentration shown on the x axis. (B) Graph comparing the neutralization breadth 
and potencies of PGT121, 10-996 and 10-1074 antibodies against the extended panel of 
119 viruses as determined by the TZM-bl neutralization assay. The y axis shows the 
cumulative frequency of IC80 values up to the concentration shown on the x axis. (C) 
Graphs show neutralization curves of the selected viruses by PGT121 and 10-1074. The 
dotted horizontal line indicates 50% neutralization, from which the IC50 value can be 
derived from the antibody concentration on the x-axis. Experiments were performed in 
triplicate. Error bars indicate the SD of triplicate measurements. 
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Fig. S11
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Fig. S11. Neutralization activity against historical vs contemporary clade B viruses. 
(A) Clustered heat map comparing the neutralization potencies of selected bNAbs against 
95 clade B HIV variants isolated from historical and contemporary seroconverters. 
Darker colors indicate stronger neutralization activities; the lightest color indicates that 
no neutralization was observed at the highest concentration tested. Viruses are grouped 
based on their neutralization sensitivity (dendrogram on the left), while bNAbs are 
clustered based on their neutralization potency (dendrogram on the top). ND, not 
determined. (B) Graph comparing the neutralization breadth and potencies as measured 
by the PBMC-based neutralization assay of the selected bNAbs against a panel of clade B 
viruses (n=95) grouped by HIV-infected individuals. The y axis shows the cumulative 
frequency of median IC50 values per patient up to the concentration shown on the x axis. 
The bar graph on the right shows the values of normalized area under the curve (NAUC) 
for antibodies shown in B. (C) Dot plots comparing neutralization potencies against clade 
B viruses isolated from historical (Hist.) and contemporary (Cont.) seroconverters for the 
selected bNAbs. Horizontal bars represent the median IC50 for all viruses per patient. 
Differences between groups were evaluated using Mann-Whitney test. ns, not significant. 
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Fig. S12. Comparison of crystal structures of PGT121, 10-1074 and GL Fabs. 
Pairwise Cα alignments of (A) PGT121 and 10-1074, (B) PGT121 and GL, and (C) 10-
1074 and GL are shown as ribbon diagrams. PGT121 HC, dark blue; PGT121 LC, light 
blue; 10-1074 HC, dark green; 10-1074 LC, light blue; GL HC, dark grey; GL LC, light 
grey. 
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Fig. S13. Comparison of crystal structures of PGT121, PGT145, and PGT128 Fabs. 
Cα alignments of the variable domains of PGT121 (blue) with (A) PGT 145 (magenta), 
and (B) PGT128 (cyan) are shown as Cα traces. Surface representations of (C) PGT121 
and (D) PGT128 variable domains show differences in the Fab combining sites resulting 
from the differences in length and position of CDRH2 and CDRH3 loops between 
PGT121 and PGT128. PGT121 HC, dark blue; PGT121 LC, light blue; PGT128 HC, 
dark teal; PGT128 LC, light teal. 
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Fig. S14. Comparison of amino acid substitutions in PGT121, 10-1074 and GL. 
Pairwise Cα alignments of PGT121 and 10-1074 (left panel), PGT121 and GL (middle 
panel) and 10-1074 and GL (right panel). The amino acid positions indicated in the figure 
correspond to the amino acids listed for each Fab in table form (bottom panel). Side 
chains are shown as stick representations (oxygens, red; nitrogens, blue) on Cα traces of 
the variable domains. PGT121 HC, dark blue; PGT121 LC, light blue; 10-1074 HC, dark 
green; 10-1074 LC, light blue; GL HC, dark gray; GL LC, light gray. 
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Fig. S15. Electrostatic surface potential representations of PGT121, 10-1074 and GL 
variable domains. Electrostatic potentials were calculated using the APBS2 plugin in 
PyMOL (L. Schrödinger. (The PyMOL Molecular Graphics System, 2011)), and are 
shown on surface representations colored blue (positive electrostatic potential) to red 
(negative electrostatic potential). 
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Fig. S16. Comparison of “liganded” and “unliganded” PGT121 Fab structures. (A) 
Two neighboring Fabs are shown as ribbon diagrams; the glycans and Asn105HC side 
chains are shown as sticks. PGT121 HC, blue; PGT121 LC, light blue; glycan, yellow. 
(B) Cα alignment of the variable domains of “liganded” and “unliganded” PGT121 Fab. 
PGT121unliganded HC, dark blue; PGT121unliganded LC, light blue; PGT121liganded HC, 
magenta; PGT121liganded LC, light pink. Two disordered HC residues in a loop region of 
the “unliganded” PGT121 structure (Pro41HC-Gly42HC) are shown as a dashed blue line 
in the right panel. (C) Cα alignment of the variable domains of “unliganded” and 
“liganded” PGT121 Fab (shown as Cα traces) shows a large displacement of the CH1-CL 
domains. PGT121unliganded HC, dark blue; PGT121unliganded LC, light blue; PGT121liganded 
HC, magenta; PGT121liganded LC, light pink. 
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Fig. S17. Contacts between the glycan and the PGT121 VH domain. (A) Simulated 
annealing composite omit map (grey mesh; σ = 1.0) is shown for the glycan (yellow) and 
five amino acids from the neighboring Fab (orange). The electron density between 
Asn105HC of the neighboring Fab and the first core N-acetylglucosamine is continuous. 
The glycan and neighboring Fab residues are shown as sticks. The PGT121 Fab contacted 
by the glycan is shown as a ribbon diagram with hydrogen-bonding side chain and main 
chain atoms shown as sticks. (B) Close-up view of glycan-PGT121 interactions mediated 
by direct and water-mediated hydrogen bonds. Water molecules are shown as red spheres 
and hydrogen bonds are indicated by teal dashes. PGT121 HC, blue; oxygen atoms, red; 
nitrogen atoms, dark blue. Two direct and two water-mediated hydrogen bonds with the 
side chains of Tyr50HC, Asp56HC and Asn58HC are established by the N-
acetylglucosamine moiety linked to the branch-point mannose, which itself makes two 
water-mediated contact with Ser54HC. The mannose and N-acetylglucosamine moieties 
on the 1-6-antenna make three contacts mainly with the protein backbone of Gly55HC, 
Thr57HC and Asn58HC. In contrast, the glycan residues of the 1-3-antenna establish an 
extensive hydrogen bond network with the CDRH loops of PGT121 and with each other. 
The mannose moiety of the 1-3-antenna makes three water-mediated hydrogen bonds 
with the side chains of Ser54HC and Asp56HC and one direct hydrogen bond with the side 
chain of Thr100lHC. The N-acetylglucosamine moiety contributes to a water-mediated 
intra-glycan hydrogen bonding network between glycan residues of the 1-3-antenna in 
addition to hydrogen bonds with side chain atoms of Tyr33HC, Arg99HC and Thr100lHC. 
The galactose moiety makes three water-mediated hydrogen bonds with Asp31HC and 
His52HC as well as a direct hydrogen bond with Lys53HC. The sialic acid moiety makes 
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three direct hydrogen bonds with Asp31HC and His97HC in addition to water-mediated 
hydrogen bonds with Asp31HC and the galactose moiety.	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Table S1. Repertoire of PGT121 and 10-1074 clonal variants
pt10 mAb# VH DH JH CDR31 VHmut Length1 (-) (+) Y Lc Vλ Jλ CDR31 Vλmut FRW1_del FRW3_ins Length1 (-) (+) Y
10-160 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 / / / / / / / / /
10-186 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 52 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 47 12 3 12 1 2 0
10-248 4-59 3-3/16 6 ARRGQRIYGVVSSGEFFYYYSMDV 46 24 2 3 4 / / / / / / / / /
10-259* 4-59 / 6 TKHGRRIYGIVAFNEWFTYFYMDV 63 24 2 4 3 λ 3-21 3 HIYDARGGTNWV 58 21 3 12 1 2 1
10-266 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
10-267 4-59 / 6 AQQGKRIYGIVSFGELFYYYYMDA 58 24 2 2 5 / / / / / / / / /
10-303* 4-59 3-3/9 6 TLHGRRIYGIVAFNEWFTYFYMDV 54 24 2 3 3 λ 3-21 3 HIWDSRVPTKWV 50 21 3 12 1 3 0
10-354 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 48 24 2 3 4 / / / / / / / / /
10-410* 4-59 3-10/3 6 ALHGKRIYGIVALGELFTYFYMDV 63 24 2 3 3 λ 3-21 3 HIWDSRRPTNWV 44 21 3 12 1 3 0
10-416 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 47 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 45 12 3 12 1 2 0
10-468 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 47 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
10-543 4-59 3-10/3 6 ALHGKRIYGIVALGELFTYFYMDV 60 24 2 3 3 / / / / / / / / /
10-570 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 42 24 2 3 4 / / / / / / / / /
10-621 4-59 3-3/9 6 TLHGRRIYGIVAFNEWFTYFYMDV 54 24 2 3 3 / / / / / / / / /
10-664 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 47 24 2 3 4 / / / / / / / / /
10-720 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 / / / / / / / / /
10-730 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 48 24 2 3 4 / / / / / / / / /
10-814 4-59 3-10 6 TQQGKRIYGIVSFGEFFHYYYMDA 43 24 2 3 4 λ 3-21 3 HKWDSRSPLSWV 52 15 3 12 1 3 0
10-847* 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 47 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
10-948 4-59 3-3/9 6 TLHGRRIYGIVAFNEWFTYFYMDV 55 24 2 3 3 λ 3-21 3 HIWDSRVPTKWV 46 21 3 12 1 3 0
10-996 4-59 3-3/10 6 TQQGKRIYGVVSFGEFFHYYYMDA 41 24 2 3 4 λ 3-21 3 HKWDSRSPLSWV 50 15 3 12 1 3 0
10-1022 4-59 3-3 6 ARRGQRIYGVVSFGEFFYYYSMDV 51 24 2 3 4 / / / / / / / / /
10-1059 4-59 3-3/16 6 TKHGRRIYGVVAFGEWFTYFYMDV 59 24 2 4 3 λ 3-21 3 HIYDARRPTNWV 46 21 3 12 1 3 1
10-1074* 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 45 12 3 12 1 2 0
10-1121* 4-59 3-10/3-3 6 ALHGKRIYGIVALGELFTYFYMDV 63 24 2 3 3 λ 3-21 3 HIWDSRRPTNWV 44 21 3 12 1 3 0
10-1130* 4-59 3-10/3-3 6 ALHGKRIYGIVALGELFTYFYMDV 60 24 2 3 3 λ 3-21 3 HIWDSRRPTNWV 42 21 3 12 1 3 0
10-1141* 4-59 3-10/3-3 6 ALHGKRIYGIVALGELFTYFYMDV 63 24 2 3 3 λ 3-21 3 HIWDSRRPTNWV 45 21 3 12 1 3 0
10-1146* 4-59 3-10 6 AQQGKRIYGIVSFGEFFYYYYMDA 58 24 2 2 5 λ 3-21 3 HYWDSRSPISWV 61 15 3 12 1 2 1
10-1151 4-59 3-3 6 ARRGQRIYGVVSFGEFFYYYSMDV 48 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
10-1167 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 / / 3 / / / / / /
10-1223 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 47 24 2 3 4 / / / / / / / / /
10-1232 4-59 3-10/3-3 6 ALHGKRIYGIVALGELFTYFYMDV 58 24 2 3 3 / 3-21 / / / / / / /
10-1263 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
10-1294 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 45 12 3 12 1 2 0
10-1341* 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 49 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 45 12 3 12 1 2 0
10-1342 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 48 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
10-1369* 4-59 3-3/16 6 TKHGRRIYGVVAFGEWFTYFYMDV 57 24 2 4 3 λ 3-21 3 HIYDARRPTNWV 43 21 3 12 1 3 1
10-1476 4-59 3-3/16 6 ARRGQRIYGVVSFGEFFYYYSMDV 47 24 2 3 4 λ 3-21 3 HMWDSRSGFSWS 46 12 3 12 1 2 0
VHmut and Vλmut indicate the total number of mutations in the VH and VL Ig genes. (-) and (+) indicate the numbers of negatively and positively charged ammino acids in the Ig complementary determining 
region (CDR3), respectively. Y indicates the number of Tyrosine residues in the IgH/L CDR3s (in green). 1Based on Kabat nomenclature (IgBLAST, http://www.ncbi.nlm.nih.gov/igblast). Acidic and basic amino acids
are in red and blue, respectively. FRW1_del, number of deleted nucleotides in framework region 1 (FRW1) of the IgL. FRW3_ins, number of inserted nucleotides in framework region 3 (FRW3) of the IgL. 
Color shading shows clonal members with identical IgH sequences and among them, IgL sequence identity that defines clones is indicated in bold. * indicates the representative antibody variants that were
 produced and analyzed. 10-266 IgL was not cloned, and 10-1141 IgG  was not produced.
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Table S2. In vitro TZM-bl neutralization assay on the basic panel
IC50 10-1369 10-259 PGT121 10-303 10-410 10-1130 10-1121 10-1146 10-996 10-1341 10-847 10-1074
BaL.26 0.069 0.021 0.021 0.045 0.016 0.013 0.046 0.064 0.045 0.032 0.022 0.033
SS1196.1 0.033 0.012 0.008 0.015 0.008 0.008 0.029 0.027 0.007 0.011 0.006 0.010
6535.3 0.023 0.005 0.007 0.014 0.003 0.003 0.008 0.022 0.018 0.009 0.011 0.007
QH0692.42 0.503 0.155 1.085 3.122 2.630 4.871 4.187 0.590 0.395 0.335 0.259 0.259
TRJO4551.58 0.569 0.189 3.896 14.401 18.511 36.880 15.360 0.548 0.516 0.333 0.210 0.170
SC422661.8 0.195 0.096 0.263 0.333 0.132 0.070 0.173 0.195 0.255 0.189 0.137 0.145
PVO.4 0.225 0.175 0.147 0.670 0.494 0.385 0.570 0.310 0.211 0.236 0.172 0.178
CAAN5342.A2 0.070 0.020 0.013 0.020 0.012 0.009 0.033 0.032 0.007 0.009 0.006 0.007
YU-2 0.210 0.135 0.098 0.190 0.089 0.078 0.152 0.275 0.256 0.234 0.161 0.143
R1166.c1 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
MuLV > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40 > 40
IC80
BaL.26 0.268 0.101 0.081 0.156 0.066 0.062 0.154 0.203 0.228 0.159 0.112 0.124
SS1196.1 0.033 0.037 0.030 0.055 0.030 0.037 0.098 0.073 0.040 0.040 0.026 0.027
6535.3 0.060 0.022 0.041 0.053 0.021 0.013 0.033 0.078 0.085 0.038 0.044 0.044
QH0692.42 1.714 0.551 14.976 18.122 12.071 >40 21.943 1.993 1.404 1.100 0.908 0.861
TRJO4551.58 3.818 0.965 26.930 >40 >40 >40 >23 2.604 4.265 1.226 0.768 0.693
SC422661.8 0.940 0.333 0.714 1.156 0.449 0.264 0.741 0.663 0.845 0.501 0.386 0.392
PVO.4 0.787 0.716 1.097 2.199 1.572 1.783 2.465 1.319 1.715 0.754 0.774 0.766
CAAN5342.A2 0.186 0.063 0.056 0.092 0.055 0.045 0.095 0.088 0.060 0.054 0.035 0.044
YU-2 0.738 0.382 0.356 0.502 0.243 0.313 0.340 0.750 0.891 0.766 0.537 0.398
R1166.c1 > 40 > 40 > 40 > 40 > 40 > 40 >23 > 40 > 40 > 40 > 40 > 40
MuLV > 40 > 40 > 40 > 40 > 40 > 40 >23 > 40 > 40 > 40 > 40 > 40
Numbers indicate antibody IgG concentrations in µg/ml to reach the IC50 (top) and IC80 (bottom) in the TZM-bl neutralization assay. 
IC50/80 values are color coded and indicate from dark green to dark red, an increasing neutralization sensitivity. > indicates that the IC50 for a 
given virus was not reached at the concentration tested. Murine leukemia virus (MuLV) and R1166.c1 (clade AE) are negative controls.  
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Table S3. In vitro TZM-bl neutralization assay on the extended panel - IC50 values
Virus ID Clade 10-996 10-1074 PGT121 Virus ID Clade 10-996 10-1074 PGT121
6535.3 B 0.017 0.014 0.008 CNE58 BC 0.570 0.267 >50
QH0692.42 B 0.396 0.191 1.041 MS208.A1 A >50 >50 >50
SC422661.8 B 0.173 0.091 0.101 Q23.17 A 0.008 0.006 0.010
PVO.4 B 0.186 0.074 0.131 Q461.e2 A >50 >50 >50
TRO.11 B 0.012 0.008 0.005 Q769.d22 A >50 >50 >50
AC10.0.29 B 0.067 0.022 0.037 Q259.d2.17 A >50 >50 8.990
RHPA4259.7 B 0.034 0.021 0.014 Q842.d12 A >50 >50 0.023
THRO4156.18 B >50 >50 >50 3415.v1.c1 A 35.876 >50 >50
REJO4541.67 B >50 >50 3.607 3365.v2.c2 A 0.286 0.131 0.921
TRJO4551.58 B 1.147 0.170 3.728 0260.v5.c36 A 0.160 0.099 0.054
WITO4160.33 B 0.538 0.185 0.459 191955_A11 A (T/F) >50 >50 >50
CAAN5342.A2 B 0.013 0.007 0.011 191084 B7-19 A (T/F) 0.057 0.032 0.042
YU-2 B 0.256 0.143 0.098 9004SS_A3_4 A (T/F) 0.012 0.011 0.008
WEAU_d15_410_787 B (T/F) 0.147 0.104 0.083 T257-31 CRF02_AG >50 >50 >50
1006_11_C3_1601 B (T/F) 0.001 0.003 0.008 928-28 CRF02_AG 1.331 0.847 >50
1054_07_TC4_1499 B (T/F) 0.260 0.129 0.115 263-8 CRF02_AG 10.919 0.666 3.347
1056_10_TA11_1826 B (T/F) 0.117 0.038 0.066 T250-4 CRF02_AG <0.001 <0.001 0.001
1012_11_TC21_3257 B (T/F) 0.018 0.008 0.008 T251-18 CRF02_AG 0.939 1.081 >50
6240_08_TA5_4622 B (T/F) 0.095 0.068 0.128 T278-50 CRF02_AG 14.010 2.146 >50
6244_13_B5_4576 B (T/F) 0.353 0.202 0.249 T255-34 CRF02_AG 28.369 >50 6.725
62357_14_D3_4589 B (T/F) 29.300 >50 1.036 211-9 CRF02_AG 0.750 0.112 1.455
SC05_8C11_2344 B (T/F) 0.069 0.052 0.093 235-47 CRF02_AG 0.128 0.050 0.332
Du156.12 C 0.018 0.015 0.007 620345.c01 CRF01_AE >50 >50 >50
Du172.17 C 0.173 0.121 0.115 CNE8 CRF01_AE >50 >50 >50
Du422.1 C 0.056 0.045 0.029 C1080.c03 CRF01_AE >50 >50 >50
ZM197M.PB7 C >50 >50 >50 R2184.c04 CRF01_AE >50 >50 >50
ZM214M.PL15 C 0.413 0.174 0.236 R1166.c01 CRF01_AE >50 >50 >50
ZM233M.PB6 C 0.856 0.060 1.451 C2101.c01 CRF01_AE >50 >50 >50
ZM249M.PL1 C >50 >50 >50 C3347.c11 CRF01_AE >50 >50 >50
ZM53M.PB12 C >50 >50 <0.001 C4118.c09 CRF01_AE >50 >50 >50
ZM109F.PB4 C >50 >50 7.894 CNE5 CRF01_AE >50 >50 >50
ZM135M.PL10a C 0.099 0.069 0.576 BJOX009000.02.4 CRF01_AE >50 >50 3.626
CAP45.2.00.G3 C >50 >50 0.086 BJOX015000.11.5 CRF01_AE (T/F) >50 >50 >50
CAP210.2.00.E8 C 24.793 >50 5.082 BJOX010000.06.2 CRF01_AE (T/F) >50 >50 >50
HIV-001428-2.42 C 0.040 0.044 0.026 BJOX025000.01.1 CRF01_AE (T/F) >50 >50 >50
HIV-0013095-2.11 C 31.631 >50 >50 BJOX028000.10.3 CRF01_AE (T/F) >50 >50 >50
HIV-16055-2.3 C >50 >50 0.444 X1193_c1 G 0.144 0.083 0.045
HIV-16845-2.22 C 1.325 1.169 12.685 P0402_c2_11 G 0.022 0.012 0.020
Ce1086_B2 C (T/F) >50 >50 <0.001 X1254_c3 G 0.121 0.089 0.056
Ce0393_C3 C (T/F) >50 >50 >50 X2088_c9 G 0.002 0.003 0.011
Ce1176_A3 C (T/F) 0.043 0.019 0.017 X2131_C1_B5 G 0.019 0.016 0.015
Ce2010_F5 C (T/F) >50 >50 >50 P1981_C5_3 G 0.005 0.005 0.004
Ce0682_E4 C (T/F) >50 >50 >50 X1632_S2_B10 G >50 >50 >50
Ce1172_H1 C (T/F) 0.058 0.047 0.023 3016.v5.c45 D >50 >50 >50
Ce2060_G9 C (T/F) >50 >50 >50 A07412M1.vrc12 D 0.008 <0.001 0.001
Ce703010054_2A2 C (T/F) >50 >50 >50 231965.c01 D >50 >50 >50
BF1266.431a C (T/F) >50 >50 >50 231966.c02 D >50 >50 >50
246F C1G C (T/F) 0.092 0.022 0.083 191821_E6_1 D (T/F) >50 >50 >50
249M B10 C (T/F) >50 >50 >50 3817.v2.c59 CD 8.147 3.148 >50
ZM247v1(Rev-) C (T/F) 0.055 0.042 0.027 6480.v4.c25 CD 0.010 0.009 0.017
7030102001E5(Rev-) C (T/F) 0.013 0.006 0.010 6952.v1.c20 CD 0.044 0.037 0.085
1394C9G1(Rev-) C (T/F) 0.086 0.050 0.486 6811.v7.c18 CD 0.001 0.002 0.004
Ce704809221_1B3 C (T/F) 0.243 0.139 0.098 89-F1_2_25 CD >50 >50 >50
CNE19 BC 3.452 50.000 0.018 3301.v1.c24 AC 0.016 0.013 0.014
CNE20 BC <0.001 <0.001 0.002 6041.v3.c23 AC >50 >50 >50
CNE21 BC 0.086 0.067 0.020 6540.v4.c1 AC >50 >50 >50
CNE17 BC 4.040 2.686 45.289 6545.v4.c1 AC >50 >50 >50
CNE30 BC 0.614 0.363 0.101 0815.v3.c3 ACD 0.061 0.030 0.022
CNE52 BC 4.525 1.226 3.741 3103.v3.c10 ACD 0.053 0.037 0.042
CNE53 BC 0.057 0.039 0.055
Numbers indicate antibody IgG concentrations in µg/ml to reach the IC50 in the TZM-bl neutralization assay. IC50 values are color 
coded and indicate from dark green to dark red, an increasing neutralization sensitivity. > indicates that the IC50 for a given virus was 
not reached at the concentration tested.    
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Table S4. In vitro TZM-bl neutralization assay on the extended panel - IC80 values
Virus ID Clade 10-996 10-1074 PGT121 Virus ID Clade 10-996 10-1074 PGT121
6535.3 B 0.046 0.026 0.021 CNE58 BC 2.220 0.968 >50
QH0692.42 B 1.854 0.929 8.545 MS208.A1 A >50 >50 >50
SC422661.8 B 0.627 0.418 0.460 Q23.17 A 0.030 0.021 0.031
PVO.4 B 0.952 0.360 0.945 Q461.e2 A >50 >50 >50
TRO.11 B 0.081 0.057 0.051 Q769.d22 A >50 >50 >50
AC10.0.29 B 0.250 0.110 0.169 Q259.d2.17 A >50 >50 >50
RHPA4259.7 B 0.163 0.118 0.054 Q842.d12 A >50 >50 0.074
THRO4156.18 B >50 >50 >50 3415.v1.c1 A >50 >50 >50
REJO4541.67 B >50 >50 >50 3365.v2.c2 A 1.380 0.450 7.353
TRJO4551.58 B 7.269 0.634 35.291 0260.v5.c36 A 0.436 0.160 0.152
WITO4160.33 B 6.484 2.112 6.007 191955_A11 A (T/F) >50 >50 >50
CAAN5342.A2 B 0.079 0.036 0.051 191084 B7-19 A (T/F) 0.144 0.128 0.128
YU-2 B 0.891 0.398 0.356 9004SS_A3_4 A (T/F) 0.050 0.030 0.026
WEAU_d15_410_787 B (T/F) 0.422 0.375 0.295 T257-31 CRF02_AG >50 >50 >50
1006_11_C3_1601 B (T/F) 0.019 0.013 0.023 928-28 CRF02_AG 7.151 4.696 >50
1054_07_TC4_1499 B (T/F) 0.901 0.563 0.696 263-8 CRF02_AG >50 6.527 24.576
1056_10_TA11_1826 B (T/F) 0.563 0.272 0.303 T250-4 CRF02_AG 0.005 0.005 0.011
1012_11_TC21_3257 B (T/F) 0.111 0.059 0.038 T251-18 CRF02_AG 7.399 7.395 >50
6240_08_TA5_4622 B (T/F) 0.348 0.306 0.584 T278-50 CRF02_AG >50 18.276 >50
6244_13_B5_4576 B (T/F) 1.296 0.922 1.878 T255-34 CRF02_AG >50 >50 >50
62357_14_D3_4589 B (T/F) >50 >50 45.559 211-9 CRF02_AG 3.848 0.425 8.840
SC05_8C11_2344 B (T/F) 0.174 0.123 0.275 235-47 CRF02_AG 0.381 0.163 1.676
Du156.12 C 0.101 0.076 0.033 620345.c01 CRF01_AE >50 >50 >50
Du172.17 C 0.607 0.430 0.890 CNE8 CRF01_AE >50 >50 >50
Du422.1 C 0.215 0.166 0.131 C1080.c03 CRF01_AE >50 >50 >50
ZM197M.PB7 C >50 >50 >50 R2184.c04 CRF01_AE >50 >50 >50
ZM214M.PL15 C 3.251 2.367 3.150 R1166.c01 CRF01_AE >50 >50 >50
ZM233M.PB6 C 4.524 0.349 8.977 C2101.c01 CRF01_AE >50 >50 >50
ZM249M.PL1 C >50 >50 >50 C3347.c11 CRF01_AE >50 >50 >50
ZM53M.PB12 C >50 >50 0.002 C4118.c09 CRF01_AE >50 >50 >50
ZM109F.PB4 C >50 >50 >50 CNE5 CRF01_AE >50 >50 >50
ZM135M.PL10a C 0.553 0.367 5.885 BJOX009000.02.4 CRF01_AE >50 >50 37.289
CAP45.2.00.G3 C >50 >50 6.544 BJOX015000.11.5 CRF01_AE (T/F) >50 >50 >50
CAP210.2.00.E8 C >50 >50 >50 BJOX010000.06.2 CRF01_AE (T/F) >50 >50 >50
HIV-001428-2.42 C 0.204 0.261 0.156 BJOX025000.01.1 CRF01_AE (T/F) >50 >50 >50
HIV-0013095-2.11 C >50 >50 >50 BJOX028000.10.3 CRF01_AE (T/F) >50 >50 >50
HIV-16055-2.3 C >50 >50 4.290 X1193_c1 G 0.482 0.475 0.202
HIV-16845-2.22 C 9.933 5.835 >50 P0402_c2_11 G 0.065 0.039 0.056
Ce1086_B2 C (T/F) >50 >50 0.006 X1254_c3 G 0.420 0.297 0.199
Ce0393_C3 C (T/F) >50 >50 >50 X2088_c9 G 0.014 0.014 0.029
Ce1176_A3 C (T/F) 0.151 0.070 0.058 X2131_C1_B5 G 0.085 0.064 0.058
Ce2010_F5 C (T/F) >50 >50 >50 P1981_C5_3 G 0.018 0.017 0.015
Ce0682_E4 C (T/F) >50 >50 >50 X1632_S2_B10 G >50 >50 >50
Ce1172_H1 C (T/F) 0.173 0.166 0.088 3016.v5.c45 D >50 >50 >50
Ce2060_G9 C (T/F) >50 >50 >50 A07412M1.vrc12 D 0.070 0.048 0.406
Ce703010054_2A2 C (T/F) >50 >50 >50 231965.c01 D >50 >50 >50
BF1266.431a C (T/F) >50 >50 >50 231966.c02 D >50 >50 >50
246F C1G C (T/F) 0.270 0.111 0.287 191821_E6_1 D (T/F) >50 >50 >50
249M B10 C (T/F) >50 >50 >50 3817.v2.c59 CD 34.619 14.880 >50
ZM247v1(Rev-) C (T/F) 0.252 0.186 0.126 6480.v4.c25 CD 0.049 0.041 0.079
7030102001E5(Rev-) C (T/F) 0.044 0.021 0.043 6952.v1.c20 CD 0.188 0.138 0.605
1394C9G1(Rev-) C (T/F) 0.328 0.191 3.372 6811.v7.c18 CD 0.011 0.010 0.017
Ce704809221_1B3 C (T/F) 1.208 0.696 0.492 89-F1_2_25 CD >50 >50 >50
CNE19 BC >50 >50 0.189 3301.v1.c24 AC 0.054 0.042 0.043
CNE20 BC <0.001 0.005 0.008 6041.v3.c23 AC >50 >50 >50
CNE21 BC 0.255 0.181 0.061 6540.v4.c1 AC >50 >50 >50
CNE17 BC 24.701 13.297 >50 6545.v4.c1 AC >50 >50 >50
CNE30 BC 1.989 1.200 0.559 0815.v3.c3 ACD 0.251 0.138 0.105
CNE52 BC 43.834 13.147 32.935 3103.v3.c10 ACD 0.150 0.101 0.110
CNE53 BC 0.233 0.141 0.200
Numbers indicate antibody IgG concentrations in µg/ml to reach the IC80 in the TZM-bl neutralization assay. IC80 values are color 
coded and indicate from dark green to dark red, an increasing neutralization sensitivity. > indicates that the IC80 for a given virus was 
not reached at the concentration tested.    
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Table S5. Neutralization sensitivity according to N332 PNGS  
Virus ID Clade N332 S334 10
-­‐9
96
10
-­‐1
07
4
PG
T1
21
Virus ID Clade N332 S334 10
-­‐9
96
10
-­‐1
07
4
PG
T1
21
6535.3 B . . CNE58 BC . (T)
QH0692.42 B . . MS208.A1 A . .
SC422661.8 B . . Q23.17 A . (T)
PVO.4 B . . Q461.e2 A V N
TRO.11 B . . Q769.d22 A . N
AC10.0.29 B . . Q259.d2.17 A T N
RHPA4259.7 B . . Q842.d12 A . N
THRO4156.18 B T N 3415.v1.c1 A . .
REJO4541.67 B T N 3365.v2.c2 A . .
TRJO4551.58 B . . 0260.v5.c36 A . .
WITO4160.33 B . . 191955_A11 A (T/F) K N
CAAN5342.A2 B . . 191084 B7-19 A (T/F) . .
YU-2 B . . 9004SS_A3_4 A (T/F) . .
WEAU_d15_410_787 B (T/F) . . T257-31 CRF02_AG K N
1006_11_C3_1601 B (T/F) . . 928-28 CRF02_AG . .
1054_07_TC4_1499 B (T/F) . . 263-8 CRF02_AG . .
1056_10_TA11_1826 B (T/F) . . T250-4 CRF02_AG . .
1012_11_TC21_3257 B (T/F) . . T251-18 CRF02_AG . .
6240_08_TA5_4622 B (T/F) . . T278-50 CRF02_AG . .
6244_13_B5_4576 B (T/F) . . T255-34 CRF02_AG . .
62357_14_D3_4589 B (T/F) . . 211-9 CRF02_AG . .
SC05_8C11_2344 B (T/F) . . 235-47 CRF02_AG . .
Du156.12 C . . 620345.c01 CRF01_AE E N
Du172.17 C . . CNE8 CRF01_AE E N
Du422.1 C . . C1080.c03 CRF01_AE E N
ZM197M.PB7 C D . R2184.c04 CRF01_AE V N
ZM214M.PL15 C . . R1166.c01 CRF01_AE E N
ZM233M.PB6 C . . C2101.c01 CRF01_AE E N
ZM249M.PL1 C . . C3347.c11 CRF01_AE E N
ZM53M.PB12 C I N C4118.c09 CRF01_AE E D
ZM109F.PB4 C K N CNE5 CRF01_AE E N
ZM135M.PL10a C . . BJOX009000.02.4 CRF01_AE E N
CAP45.2.00.G3 C . N BJOX015000.11.5 CRF01_AE (T/F) E N
CAP210.2.00.E8 C . . BJOX010000.06.2 CRF01_AE (T/F) K N
HIV-001428-2.42 C . . BJOX025000.01.1 CRF01_AE (T/F) E N
HIV-0013095-2.11 C . . BJOX028000.10.3 CRF01_AE (T/F) . .
HIV-16055-2.3 C . K X1193_c1 G . .
HIV-16845-2.22 C . . P0402_c2_11 G . .
Ce1086_B2 C (T/F) . N X1254_c3 G . .
Ce0393_C3 C (T/F) . D X2088_c9 G . (T)
Ce1176_A3 C (T/F) . . X2131_C1_B5 G . .
Ce2010_F5 C (T/F) T N P1981_C5_3 G . .
Ce0682_E4 C (T/F) . . X1632_S2_B10 G . N
Ce1172_H1 C (T/F) . . 3016.v5.c45 D T D
Ce2060_G9 C (T/F) . (T) A07412M1.vrc12 D . .
Ce703010054_2A2 C (T/F) D N 231965.c01 D . .
BF1266.431a C (T/F) T N 231966.c02 D . .
246F C1G C (T/F) . . 191821_E6_1 D (T/F) . .
249M B10 C (T/F) . . 3817.v2.c59 CD . .
ZM247v1(Rev-) C (T/F) . (T) 6480.v4.c25 CD . .
7030102001E5(Rev-) C (T/F) . . 6952.v1.c20 CD . .
1394C9G1(Rev-) C (T/F) . . 6811.v7.c18 CD . .
Ce704809221_1B3 C (T/F) . . 89-F1_2_25 CD T .
CNE19 BC . . 3301.v1.c24 AC . (T)
CNE20 BC . . 6041.v3.c23 AC D N
CNE21 BC . . 6540.v4.c1 AC T N
CNE17 BC . . 6545.v4.c1 AC T N
CNE30 BC . . 0815.v3.c3 ACD . .
CNE52 BC . . 3103.v3.c10 ACD . .
CNE53 BC . .
Dots indicate the presence of an asparagine and of a serine residue in position 332 and 334, respectively. Mutations at positions 
332 and 334 (HXB2 sequence numbering) are indicated by the substituting amino acid. IC50 values are color coded and indicate 
from dark green to dark red, an increasing neutralization sensitivity in the TZM-bl assay.
48
Table S6. In vitro PBMC-based neutralization assay 
Virus ID 3BNC55 3BNC60 3BNC117 8ANC134 1NC9 45-46 8ANC195 12A12 4E10 b12 2G12 2F5 PG9 PG16 VRC01 45-46 54W PGT121 10-1074
P035.6.E4 1.918 0.023 <0.0032 0.034 0.451 0.037 >50 0.110 1.043 11.865 <0.39 3.480 >1 >1 <0.078 0.032 15.471 0.059
P035.6.H11 0.550 0.029 0.022 0.239 0.031 0.053 >50 0.130 2.941 10.756 <0.39 2.115 >1 >1 0.160 0.018 0.667 0.143
P035.6.D10 >50 >50 0.019 >50 0.248 <0.0032 >50 <0.0032 0.792 >12.5 <0.39 1.900 >1 >1 0.390 0.020 0.174 0.110
P151.37.C7 0.084 0.038 0.053 0.126 0.018 0.016 0.133 0.402 2.941 1.882 >25 3.350 <0.016 <0.016 <0.078 0.109 >50 >50
P151.37.F1 1.297 0.125 0.161 1.633 1.288 0.203 0.136 18.043 0.860 >12.5 >25 1.372 <0.016 <0.016 0.250 0.472 >50 >50
P151.37.F10 3.770 0.311 0.249 4.661 >50 0.375 >50 18.863 9.314 0.452 >25 <0.39 <0.016 <0.016 1.160 0.172 >50 >50
P153.10.2.A9 15.804 0.763 0.861 17.208 46.735 0.069 0.201 >50 12.269 7.988 0.825 0.918 >1 0.431 >5 34.912 42.623 1.466
P153.10.2.D8 20.568 1.020 0.206 23.124 >50 0.030 >50 2.478 0.861 >12.5 3.562 24.193 >1 0.853 0.890 0.325 1.603 0.620
P153.10.2.E10 11.226 0.546 0.211 2.105 >50 0.108 >50 10.686 0.792 9.212 <0.39 22.382 >1 <0.016 >5 >50 >50 >50
P186.12.1.D10 0.061 0.061 0.105 >50 0.075 0.165 0.091 7.288 >25 9.333 >25 2.492 >1 >1 >5 22.865 0.021 0.212
P186.12.2.F4 >50 >50 >50 >50 >50 >50 >50 >50 4.903 11.075 >25 15.277 >1 >1 3.320 15.929 0.026 0.094
P186.12.2.G2 1.890 <0.0032 <0.0032 >50 0.046 0.017 >50 0.068 15.711 10.763 21.986 3.181 >1 >1 >5 16.385 0.018 0.108
P195.31.A6 0.032 0.138 <0.0032 0.171 0.228 0.052 0.099 0.206 2.934 0.498 >25 3.884 >1 >1 0.890 >50 >50 >50
P195.31.A10 0.252 0.024 0.025 >50 0.953 0.050 0.071 >50 1.248 9.896 >25 <0.39 >1 >1 4.800 >50 >50 >50
P195.31.F11 0.569 0.084 0.137 >50 >50 0.076 >50 33.131 2.301 >12.5 >25 2.306 >1 >1 1.930 >50 >50 >50
P019.1.D2 0.949 0.164 0.027 >50 >50 0.057 >50 14.612 >25 0.432 <0.39 <0.39 <0.016 <0.016 0.220 0.051 >50 0.191
P019.1.D6 3.122 0.738 0.635 >50 >50 5.767 >50 >50 2.443 >12.5 9.371 <0.39 <0.016 <0.016 <0.078 0.043 0.025 0.528
P019.1.G7 6.034 3.636 4.570 >50 >50 6.962 >50 20.092 1.073 >12.5 6.764 <0.39 0.050 0.034 <0.078 <0.0032 >50 0.318
P175.10.D7 2.539 0.936 3.588 >50 42.695 17.723 >50 35.805 1.487 1.369 <0.39 >25 >1 0.110 1.100 0.022 0.068 0.097
P175.10.D12 0.708 0.410 0.067 >50 0.317 0.175 1.233 10.648 0.953 >12.5 <0.39 >25 >1 0.150 0.170 0.032 0.085 0.241
P175.10.G10 2.506 0.563 0.621 >50 33.008 8.364 22.413 18.554 1.147 >12.5 2.183 1.300 0.720 0.032 1.660 0.017 0.069 0.220
P013.18.A9 0.125 0.102 0.079 >50 0.196 0.018 0.428 0.205 0.796 >12.5 >25 2.763 >1 >1 >5 0.083 5.844 >50
P154.44.C8 >50 0.683 1.042 >50 >50 16.440 0.925 >50 >25 >12.5 >25 >25 <0.016 0.600 >5 >50 >50 >50
P154.44.G8 >50 1.220 2.172 >50 >50 25.616 1.969 >50 4.450 >12.5 >25 >25 <0.016 >1 0.790 0.536 1.996 0.521
P183.50.2.H3 2.197 0.116 0.121 12.049 4.079 0.161 >50 0.476 3.890 5.923 6.686 1.527 >1 >1 1.031 0.195 2.106 0.185
P183.3.2.B9 0.076 0.025 <0.0032 0.053 0.326 0.142 >50 0.472 1.722 1.230 2.132 1.073 >1 >1 0.340 0.056 5.073 0.266
P001.35.F5 0.418 0.046 0.047 8.133 0.329 0.133 >50 0.197 <0.39 >12.5 >25 >25 <0.016 <0.016 >5 0.946 1.873 0.046
P001.35.H4 2.180 0.333 1.919 >50 >50 6.118 >50 >50 0.830 >12.5 >25 >25 <0.016 <0.016 4.300 0.051 2.648 0.052
p002.39.C8 15.016 0.117 0.172 2.192 12.154 0.546 >50 >50 1.955 >12.5 2.216 >25 <0.016 <0.016 <0.078 0.450 1.129 0.024
p002.39.F8 >50 28.891 >50 13.090 >50 0.404 >50 >50 0.864 >12.5 <0.39 17.778 <0.016 <0.016 1.610 0.625 22.125 0.049
P002.39.H10 1.472 0.785 0.726 14.160 0.147 0.017 >50 >50 1.530 >12.5 <0.39 1.500 <0.016 0.048 3.030 0.917 1.985 0.042
P034.6.D6 37.003 0.161 0.176 11.339 1.137 0.235 >50 0.802 1.164 11.122 0.844 0.873 0.081 0.122 <0.078 0.859 0.027 <0.0032
P034.6.G10 48.877 0.348 0.237 22.481 1.428 0.017 >50 0.186 0.820 8.598 <0.39 1.257 >1 >1 >5 >50 >50 0.028
P034.6.H5 >50 0.417 0.267 20.730 0.820 0.245 >50 0.866 0.391 >12.5 >25 1.163 0.017 0.021 0.310 0.127 0.037 0.018
P101.20.1.F1 >50 >50 >50 >50 >50 0.565 >50 0.634 3.999 >12.5 >25 2.721 >1 >1 2.420 0.676 <0.0032 <0.0032
P101.20.1.H8 >50 >50 >50 >50 >50 0.090 >50 0.474 0.902 >12.5 >25 1.719 >1 >1 1.470 0.861 <0.0032 <0.0032
P127.46.A6 >50 >50 >50 >50 >50 0.386 >50 0.666 1.211 6.780 2.345 1.671 0.079 <0.016 <0.078 0.143 >50 >50
P127.46.D1 1.242 0.024 0.043 5.403 2.558 0.169 >50 0.227 1.092 >12.5 <0.39 0.921 0.101 0.150 0.230 0.203 >50 >50
P127.46.D2 1.125 0.173 0.221 >50 2.231 0.279 >50 0.494 1.613 <0.195 >25 1.126 0.378 <0.016 <0.078 0.023 >50 >50
P174.28.E11 2.399 0.483 0.716 >50 13.061 0.894 >50 2.104 2.113 8.149 0.974 1.674 0.023 <0.016 3.910 1.863 0.085 0.050
P177.25.1.G9 0.980 0.191 0.189 >50 1.826 0.261 >50 0.130 1.665 >12.5 >25 5.851 >1 >1 <0.078 0.325 0.128 0.034
P177.25.2.B4 1.179 0.080 0.041 23.609 0.384 0.150 >50 0.028 3.729 >12.5 >25 1.241 >1 >1 0.450 0.530 0.029 0.023
P177.25.2.D1 >50 1.949 1.359 >50 46.825 11.454 >50 7.681 1.140 7.770 >25 1.232 >1 >1 3.630 0.066 0.017 0.018
P180.14.A6 1.389 0.098 0.058 0.017 >50 0.024 >50 0.022 1.162 >12.5 17.668 >25 0.036 <0.016 1.000 2.094 0.139 0.028
P180.14.G6 45.246 0.116 0.122 2.449 13.361 0.169 0.220 0.093 4.009 >12.5 2.988 >25 <0.016 <0.016 2.380 0.306 0.174 0.020
P180.14.G7 23.444 0.052 0.035 0.022 1.450 0.024 0.703 0.729 15.759 >12.5 2.400 >25 <0.016 <0.016 1.240 1.012 0.028 0.036
P197.25.1.D2 >50 0.285 0.194 1.480 1.137 0.016 0.028 0.072 1.492 >12.5 >12.5 1.224 <0.016 <0.016 0.090 0.025 14.287 0.095
P197.25.1.D7 >50 0.782 0.019 0.052 7.056 0.051 0.016 2.601 0.948 >12.5 1.232 1.291 <0.016 <0.016 <0.078 0.052 20.337 0.057
P197.25.1.H1 >50 0.017 0.019 <0.0032 <0.0032 0.029 <0.0032 0.754 2.515 >12.5 1.079 2.088 <0.016 <0.016 <0.078 0.072 23.417 0.092
P405.18.D3 0.066 <0.0032 0.029 0.095 0.048 0.022 0.022 0.031 0.924 0.471 <0.39 1.137 >1 >1 >5 0.254 0.071 0.018
P405.18.F10 0.935 0.063 0.084 5.646 0.432 0.094 0.126 0.469 1.350 0.718 <0.39 0.804 ND ND >5 >50 5.680 >50
p405.18.H5 4.725 0.219 0.782 1.100 19.220 0.027 0.450 43.684 1.328 0.497 0.986 0.815 0.141 <0.016 >5 >50 4.760 0.187
P405.19.A8 0.291 0.021 <0.0032 0.116 0.278 0.059 0.110 0.037 2.012 1.116 0.814 0.878 >1 0.044 0.470 0.031 0.917 <0.0032
P405.19.B12 0.889 0.057 0.098 0.264 1.103 0.033 0.233 0.157 0.807 0.655 0.968 1.029 0.190 <0.016 >5 <0.0032 <0.0032 <0.0032
p405.19.F11 0.689 0.018 0.109 2.892 2.131 0.037 >50 5.279 0.818 0.413 <0.39 3.630 0.190 0.034 >5 ND ND ND
1140.6F5 0.326 0.029 <0.0032 5.219 6.915 0.284 >50 13.917 21.480 >12.5 >25 3.790 <0.016 <0.016 <0.078 <0.0032 0.017 0.019
1140.6G9 0.748 0.116 0.114 4.222 0.096 0.147 >50 0.220 6.710 3.270 >25 1.520 <0.016 <0.016 <0.078 0.019 0.112 0.024
P116.2 5.406 0.493 0.422 40.937 5.647 0.042 >50 17.250 16.580 17.370 >25 4.170 <0.016 <0.016 <0.078 <0.0032 0.017 <0.0032
P116.3.F6 22.297 0.235 0.255 0.495 0.728 0.158 >50 15.152 9.520 13.540 >25 3.080 <0.016 <0.016 <0.078 0.020 0.019 <0.0032
P116.3.G9 1.054 0.071 0.018 0.435 3.157 1.385 0.540 24.689 5.750 0.650 >25 3.460 <0.016 <0.016 <0.078 <0.0032 0.033 <0.0032
P116.4.II 2.594 0.149 0.353 17.822 6.646 0.703 0.329 26.982 13.790 3.120 >25 7.860 <0.016 <0.016 <0.078 <0.0032 <0.0032 <0.0032
1234.3A9 2.623 0.226 0.032 15.504 3.944 0.815 0.062 40.940 24.600 >12.5 >25 >25 <0.016 <0.016 <0.078 <0.0032 0.022 <0.0032
1234.3D9 0.563 0.102 0.057 4.784 0.539 0.087 0.178 48.779 15.780 >12.5 >25 8.550 <0.016 <0.016 <0.078 0.028 0.022 <0.0032
658.8A6 4.860 0.355 0.386 >50 2.057 0.379 0.196 31.416 >25 >12.5 >25 >25 0.142 0.032 <0.078 <0.0032 0.151 0.049
658.8D2 2.832 0.264 0.201 40.617 1.651 0.347 0.197 3.291 >25 2.000 >25 17.210 0.135 <0.016 <0.078 <0.0032 0.051 0.029
658.8F6 <0.0032 <0.0032 <0.0032 <0.0032 0.994 0.142 >50 0.018 >25 >12.5 >25 >25 0.039 <0.016 <0.078 <0.0032 0.026 0.017
526.17-2C11 <0.0032 0.032 0.040 0.028 0.048 0.123 >50 0.049 ND ND ND ND <0.016 <0.016 0.199 0.046 <0.0032 <0.0032
526.17-2G1 0.429 0.141 0.025 <0.0032 5.002 0.962 >50 0.353 ND ND ND ND 0.059 <0.016 0.840 0.074 <0.0032 0.018
526.17-2G3 2.825 0.170 0.120 4.692 0.687 0.110 >50 0.928 ND ND ND ND <0.016 <0.016 0.354 <0.0032 0.087 <0.0032
424.9F4 0.065 0.091 0.016 0.589 2.534 0.508 >50 2.757 ND ND ND ND <0.016 <0.016 0.310 0.026 0.032 0.019
424.9H1 17.101 1.386 1.114 19.990 4.508 0.590 >50 4.982 ND ND ND ND 0.039 <0.016 >5 0.369 3.731 1.087
139.19.A6 >50 1.059 1.091 3.132 >50 0.090 >50 0.520 ND ND ND ND <0.016 <0.016 0.557 0.127 0.066 0.017
139.19.C10 >50 0.118 0.089 5.745 >50 0.019 >50 0.093 ND ND ND ND <0.016 <0.016 1.549 0.688 0.118 0.039
139.19.F2 >50 0.241 0.226 0.755 11.125 0.036 >50 0.525 ND ND ND ND <0.016 <0.016 >5 0.669 0.106 0.039
208.9.C6 17.496 0.375 0.587 25.217 1.510 0.587 0.123 >50 ND ND ND ND 0.063 0.248 0.303 0.100 0.125 0.137
208.9.F12 5.263 0.265 0.314 11.871 4.460 0.414 0.234 >50 ND ND ND ND >1 >1 0.714 0.128 0.086 0.151
208.9.G10 6.842 0.151 0.351 2.896 2.099 0.832 0.093 >50 ND ND ND ND 0.882 >1 0.289 0.083 <0.0032 0.023
1031.12.6C4 0.701 0.024 0.089 0.321 9.717 0.057 >50 >50 17.730 1.180 >25 6.280 >1 >1 0.160 0.040 <0.0032 <0.0032
1031.12.7D5 0.140 <0.0032 <0.0032 0.023 19.210 0.231 >50 >50 13.770 0.960 >25 8.500 >1 >1 0.120 0.072 <0.0032 <0.0032
1031.12.9D9 <0.0032 <0.0032 <0.0032 <0.0032 0.071 0.030 >50 >50 18.220 3.540 >25 10.770 >1 >1 0.200 0.102 <0.0032 <0.0032
1.7.1A7 0.260 0.116 0.189 >50 6.800 0.176 0.061 0.743 >25 >12.5 >25 >25 <0.016 <0.016 0.640 ND ND ND
1.7.1D2 10.695 0.939 0.998 >50 >50 0.669 0.062 10.213 >25 11.920 >25 >25 <0.016 <0.016 0.700 0.300 0.045 0.046
1.7.1G10 >50 0.199 0.185 0.871 1.506 0.745 0.266 0.307 >25 >12.5 >25 >25 <0.016 <0.016 <0.078 0.282 0.017 <0.0032
232.7.1B2 >50 0.100 0.212 >50 <0.0032 0.158 <0.0032 0.057 15.000 >12.5 0.140 5.030 0.019 <0.016 0.160 0.019 0.030 <0.0032
232.7.1C3 >50 0.973 1.771 >50 >50 >50 0.041 0.132 10.700 8.030 0.330 5.900 0.526 >1 <0.078 0.027 <0.0032 <0.0032
232.7.1C11 >50 0.241 0.226 0.755 11.125 0.036 >50 0.525 13.370 18.480 0.870 5.460 >1 0.370 0.090 0.024 0.023 0.036
458.5.12B1 17.496 0.375 0.587 25.217 1.510 0.587 0.123 >50 0.880 9.990 >25 3.820 0.028 0.311 1.370 0.035 0.018 0.018
458.5.12E1 5.263 0.265 0.314 11.871 4.460 0.414 0.234 >50 2.110 1.850 22.620 1.660 <0.016 <0.016 <0.078 0.072 0.201 0.020
458.5.12G9 6.842 0.151 0.351 2.896 2.099 0.832 0.093 >50 9.440 4.910 >25 2.350 >1 0.039 0.100 0.223 0.022 0.023
172.7C6 0.701 0.024 0.089 0.321 9.717 0.057 >50 >50 ND ND ND ND 0.020 <0.016 0.431 0.019 0.025 0.027
172.7F11 0.140 0.001 0.001 0.023 19.210 0.231 >50 >50 ND ND ND ND 0.017 <0.016 0.424 0.021 0.020 0.025
172.7G5 0.001 0.001 0.001 0.001 0.071 0.030 >50 >50 ND ND ND ND 0.048 <0.016 <0.078 <0.0032 0.035 <0.0032
1161.9G11 0.260 0.116 0.189 >50 6.800 0.176 0.061 0.743 ND ND ND ND >1 >1 0.378 0.021 <0.0032 0.020
1161.9C1 10.695 0.939 0.998 >50 >50 0.669 0.062 10.213 ND ND ND ND >1 >1 >5 0.618 0.065 0.051
537.8.A11 >50 0.199 0.185 0.871 1.506 0.745 0.266 0.307 ND ND ND ND >1 >1 3.459 0.270 0.031 0.021
537.8.E6 >50 0.100 0.212 >50 0.001 0.158 0.001 0.057 ND ND ND ND >1 >1 0.331 0.065 0.086 0.027
537.8.E10 >50 0.973 1.771 >50 >50 >50 0.041 0.132 ND ND ND ND >1 >1 2.071 0.174 0.025 0.017
Numbers indicate antibody IgG concentrations in µg/ml to reach the IC50 in the PBMC-based neutralization assay. IC50 values are color coded and indicate from dark green to dark red, an increasing
neutralization sensitivity. > indicates that the IC50 for a given virus was not reached at the concentration tested. ND, not determined.   
H
is
to
ric
al
 
C
on
te
m
po
ra
ry
49
Table S7. Data collection and refinement statistics (molecular replacement)
PGT121 Fab 
“unliganded”
Data collection
Space group P212121 P21 P21 P212121
Cell dimensions  
    a, b, c (Å) 56.75, 74.67, 114.917 61.38, 40.26, 84.46 54.93, 344.74, 55.23 67.79, 67.79, 94.11
    α, β, γ  (°) 90.00, 90.00, 90.00 90.00, 95.39, 90.00 90.00, 91.95, 90.00 90.00, 90.00, 90.00
Resolution (Å) 2.78-35.5 (2.78-2.93) 1.80- 36.31 (1.80-1.91) 2.42-38.60 (2.42-2.55) 2.33-38.66 (2.33-2.47)
Rmerge 0.099 (0.293) 0.075 (0.558) 0.072 (0.482) 0.161 (0.603)
I / σI 8.8 (3.1) 8.7 (1.8) 11.0 (1.9) 8.7 (2.9)
Completeness (%) 96.7 (84.8) 93.49 (98.0) 95.5 (80.1) 92.2 (98.9)
Redundancy 3.2 (2.7)  2.7 (2.8) 3.1 (2.6) 5.3 (5.8)
Refinement
Resolution (Å) 3.0 1.9 2.42 2.4
No. reflections 10,076 31,363 74,237 16,831
Rwork / Rfree 0.216/0.264 0.187/0.223 0.194/0.237 0.201/0.249
No. atoms
    Protein 3,276 3,346 12,881 3,127
    Ligand/ion 0 0 0 129
    Water 0 300 527 203
B-factors
    Protein 32.78 29.17 44.67 31.48
    Ligand/ion - - - 45.1
    Water - 37.37 40.27 36.78
R.m.s. deviations
    Bond lengths (Å) 0.005 0.007 0.005 0.006
    Bond angles (°) 0.971 1.234 0.951 0.949
*Data for each structure were acquired from a single crystal. 
*Values in parentheses are for the highest-resolution shell.
10-1074 Fab GL Fab PGT121 Fab   "liganded"
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Table S8. RMSD values for Cα alignments of Fabs
Fab1/Fab2 RMSDVH (Å) # residues RMSDVL (Å) # residues RMSDVH+VL (Å) # residues
PGT121/PGT128 1.159 116/130 1.63 95/100 1.462 207/235
PGT121/PGT145 2.93 124/130 1.91 94/105 1.75 206/235
PGT121/10-1074 0.74 128/130 1.2 102/105 1.26 226/235
PGT121/GL 1.33 129/130 1.37 94/105 1.6 225/235
10-1074/GL 1.38 130/130 1.35 92/105 1.39 220/235
PGT121/PGT121liganded 0.79 125/128 0.5 100/100 0.78 225/228
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Table S9. Contacts between PGT121 Fab and bound glycan
Glycan atom Protein atom Water Distance (Å) Glycan atom Protein atom Water Distance (Å)
GlcNAc6-O3 Asn58-Nδ2 2.91 Sia10-O8 Asp31-O 2.72
GlcNAc6-O7 Asn58-Oδ1 2.94 Sia10-O10 His97-N 3.18
GlcNAc6-O6 H2O471 3.15 Sia10-O10 His97-O 3.19
GlcNAc6-O4 H2O477 3.05 Sia10-O9 H2O480 3.19
GlcNAc6-O3 H2O481 2.94 Sia10-O8 Ser32-Oγ 3.70*
Man1-O4 H2O410 3.02 Man3-O3 Asn58-Oδ1 2.58
Man1-O4 H2O420 2.66 Man3-O6 H2O477 3.35
Man1-O3 H2O410 3.35 GlcNAc4-O5 Thr57-O 3.33
Man1-O2 H2O477 3.14 GlcNAc4-N2 H2O479 3.2
Man1-O5 H2O477 2.62 Fuc9-O2 H2O471 2.57
Man2-O6 Thr100-Oγ1 3.34 Asp31-O H2O435 3.09
Man2-O2 H2O410 3.41 Asp31-Oδ1 H2O480 3.32
Man2-O5 H2O446 2.95 Tyr50-OH H2O481 2.8
Man2-O6 H2O446 3.26 His52-Nε2 H2O435 3.16
GlcNAc7-N2 Tyr33-OH 2.72 Ser54-Oγ H2O410 3.2
GlcNAc7-O5 H2O410 3.38 Ser54-O H2O420 3.16
GlcNAc7-O7 H2O411 3.00 Gly55-O H2O479 2.85
GlcNAc7-O3 His97-Nδ2 3.60* Asp56-Oδ1 H2O481 3.49
GlcNAc7-O7 His97-Nε2 3.70* Asp56-Oδ2 H2O446 3.07
Gal8-O3 Lys53-Nζ 2.97 Asn58-Nδ2 H2O481 3.15
Gal8-O4 H2O480 3.47 Arg99-Nε H2O411 2.58
Gal8-O4 H2O435 2.76 Thr100l-Oγ1 H2O411 2.94
Gal8-O5 H2O435 3.17
Hydrogen bond criteria: bond distance < 3.5 Å, O-H-O/N-H-O angle > 90°
*Contacts are close to hydrogen bond distance cutoff and are included as possible interactions
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Table S10. In vitro neutralization activity of PGT121GM and 10-1074GM 
Virus ID Clade PGT121 PGT121GM 10-1074 10-1074GM
Q842.d12 A 0.074 >50 >50 >50
3365.v2.c2 A 7.353 >50 0.450 0.467
0260.v5.c36 A 0.152 >50 0.160 0.618
YU.2 B 0.356 1.355 0.398 0.262
TRO.11 B 0.051 0.258 0.057 0.049
TRJO4551.58 B 35.291 >50 0.634 0.721
QH0692.42 B 8.545 >50 0.929 0.376
PVO.4 B 0.945 47.564 0.360 0.138
RHPA4259.7 B 0.054 20.801 0.118 0.087
WITO4160.33 B 6.007 >50 2.112 0.406
1054_07_TC4_1499 B (T/F) 0.696 >50 0.563 0.193
6244_13_B5_4576 B (T/F) 1.878 46.680 0.922 0.394
62357_14_D3_4589 B (T/F) 45.559 >50 >50 40.782
CNE19 BC 0.189 48.092 50 0.379
CNE17 BC >50 >50 13.297 4.816
CNE58 BC >50 >50 0.968 1.158
CNE30 BC 0.559 8.401 1.200 1.045
CNE52 BC 32.935 >50 13.147 6.664
ZM233M.PB6 C 8.977 >50 0.349 0.232
ZM53M.PB12 C 0.002 >50 >50 >50
CAP45.2.00.G3 C 6.544 >50 >50 >50
HIV-16055-2.3 C 4.290 >50 >50 >50
HIV-16845-2.22 C >50 >50 5.835 2.678
ZM214M.PL15 C 3.150 >50 2.367 0.200
ZM135M.PL10a C 5.885 >50 0.367 0.184
Ce1086_B2 C (T/F) 0.006 >50 >50 >50
Ce1172_H1 C (T/F) 0.088 0.180 0.166 0.054
1394C9G1(Rev-) C (T/F) 3.372 2.120 0.191 0.075
3817.v2.c59 CD >50 >50 14.880 3.423
6952.v1.c20 CD 0.605 >50 0.138 0.134
BJOX009000.02.4 CRF01_AE 37.289 >50 >50 >50
211-9 CRF02_AG 8.840 >50 0.425 0.976
928-28 CRF02_AG >50 >50 4.696 3.121
T251-18 CRF02_AG >50 >50 7.395 3.459
T278-50 CRF02_AG >50 >50 18.276 12.017
263-8 CRF02_AG 24.576 >50 6.527 7.779
235-47 CRF02_AG 1.676 >50 0.163 0.069
A07412M1.vrc12 D 0.406 16.947 0.048 0.044
X1193_c1 G 0.202 11.859 0.475 0.195
X1254_c3 G 0.199 0.222 0.297 0.112
Numbers indicate antibody IgG concentrations in µg/ml to reach the IC50 in the TZM-bl 
neutralization assay. IC50 values are color coded and indicate from dark green to dark 
red, an increasing neutralization sensitivity. > indicates that the IC50 for a given virus 
was not reached at the concentration tested. 
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